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DUAL POLARIZATION RADAR APPARATUS performed , the observation time of a polarized wave is 
AND RADAR SIGNAL PROCESSING increased to three times as long as that in a case in which 

METHOD either processing to transmit a single polarized wave and 
receive single polarized wave or processing to concur 

TECHNICAL FIELD rently transmit polarized waves and concurrently receive 
polarized waves is performed . Therefore , it is assumed that 

The present invention relates to a dual polarization radar in general , a Nyquist rate which is a range within which the 
apparatus and radar signal processing method for estimating Doppler velocity can be observed is decreased to one - third 
the intensity of rainfall and / or a Doppler velocity by using as high as that in the case in which , for example , processing 
a horizontally polarized wave and a vertically polarized 10 to transmit a single polarized wave and receive a single 

polarized wave is performed . 
Non - patent Literature 1 as listed below discloses a 

BACKGROUND ART method of , in a case of repeatedly performing the following 
two types of polarized - wave transmission / reception 

In a widely - used weather radar with a single polarized 15 ing elements : “ transmission of a horizontally polarized wave 
wave , the intensity of rainfall is estimated from an echo and reception of a horizontally polarized wave ” and “ trans intensity by using a relational expression established mission of a vertically polarized wave and reception of a between the echo intensity and the intensity of rainfall . vertically polarized wave ” , preventing the Nyquist rate from 
However , because this relational expression changes greatly decreasing as compared with the case in which , for example , 
dependently on a particle size distribution of raindrops , it is 20 processing to transmit a single polarized wave and receive a difficult for the weather radar with a single polarized wave single polarized wave is performed . 
to correctly estimate the intensity of rainfall . 

In general , a raindrop has a shape close to a spheroid CITATION LIST 
which is like a sphere crushed in a perpendicular direction . 
A raindrop having a large particle diameter has a large 25 Non - Patent Literature 
degree of flatness , while a raindrop having a small particle 
diameter has a small degree of flatness and is nearly a Non - patent Literature 1 : M. SACHIDANANDA AND D. 
sphere . For this reason , because information corresponding S. ZRNIC , Efficient Processing of Alternately Polarized to a particle size distribution is acquired as information Radar Signals , 1989 . 
about the shapes of raindrops when a dual polarization radar 30 
observation using both a horizontally polarized wave and a SUMMARY OF INVENTION 
vertically polarized wave is performed , a high - accuracy 
measurement of the intensity of rainfall can be performed . Technical Problem 

In transmission and reception of polarized waves in a dual 
polarization radar , a ratio between the backscattered power 35 Because the conventional dual polarization radar appara 
of the same polarized wave as a transmission polarized wave tus is configured as described above , by using the method 
and the backscattered power produced by a polarized wave disclosed by Non - patent Literature 1 , in the case of repeat 
perpendicular to the transmission polarized wave is called a edly performing the following two types of polarized wave 
linear depolarization ratio ( LDR ) . transmission / reception processing elements : “ transmission 
The linear depolarization ratio serves as an index of 40 of a horizontally polarized wave and reception of a hori 

qualitative determination of the shapes and / or the directions zontally polarized wave ” and “ transmission of a vertically 
of ice particles , etc. , and becomes an effective parameter polarized wave and reception of a vertically polarized 
when a scattering ( Zhu , Zvn ) of a polarized wave perpen wave ” , the Nyquist rate can be prevented from decreasing as 
dicular to a transmission polarized wave in precipitation compared with the case in which , for example , processing to 
particles is relatively strong in a bright band or the like . 45 transmit a single polarized wave and receive a single polar 
When a linear depolarization ratio is observed by using ized wave is performed . However , there is the problem with 

mutual transmission and mutual reception , it is necessary to the method disclosed by Non - patent Literature 1 is that the 
repeatedly perform the following three types of polarized case of repeatedly performing the three types of polarized 
wave transmission / reception processing elements : wave transmission / reception processing elements is not con 

( 1 ) “ Transmission of a horizontally polarized wave and 50 sidered into account , and a linear depolarization ratio cannot 
reception of a horizontally polarized wave ” which is trans be calculated . 
mission / reception processing to transmit a horizontally The present invention is made in order to solve the 
polarized wave and receive a horizontally polarized wave ; above - mentioned problem , and it is therefore an object of 

( 2 ) “ Transmission of a vertically polarized wave and the present invention to provide a dual polarization radar 
reception of a vertically polarized wave ” which is transmis- 55 apparatus and radar signal processing method which are 
sion / reception processing to transmit a vertically polarized capable of calculating a linear depolarization ratio while 
wave and receive a vertically polarized wave ; and preventing the Nyquist rate from decreasing , even when the 

( 3 ) “ Transmission of a horizontally polarized wave and three types of polarized wave transmission / reception pro 
reception of a vertically polarized wave ” which is transmis cessing elements are repeated . 
sion / reception processing to transmit a horizontally polar- 60 
ized wave and receive a vertically polarized wave , or Solution to Problem 
“ transmission of a vertically polarized wave and reception of 
a horizontally polarized wave ” which is transmission / recep According to the present invention , there is provided a 
tion processing to transmit a vertically polarized wave and dual polarization radar apparatus which includes : a trans 
receive a horizontally polarized wave . 65 mission / reception device configured to repeatedly perform , 

In the case in which the three types of polarized - wave in turn , first transmission / reception processing to transmit a 
transmission / reception processing elements are repeatedly horizontally polarized wave and receive a horizontally 
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polarized wave , second transmission / reception processing to FIG . 3 is a hardware block diagram of the signal process 
transmit a vertically polarized wave and receive a vertically ing device 6 shown in FIG . 2 ; 
polarized wave , and either third transmission / reception pro FIG . 4 is a hardware block diagram in a case in which the 
cessing to transmit a horizontally polarized wave and signal processing device 6 includes a computer , 
receive a vertically polarized wave or fourth transmission / 5 FIG . 5 is a flow chart showing a radar signal processing 
reception processing to transmit a vertically polarized wave method which corresponds to processing performed by the 
and receive a horizontally polarized wave ; a reflected - wave dual polarization radar apparatus according to Embodiment 
intensity calculator configured to calculate a first reflected 1 of the present invention ; 
wave intensity which is a power value of a horizontally FIG . 6 is an explanatory drawing showing an example in 
polarized wave received through the first transmission / which the length of each of time intervals at which a 
reception processing , calculate a second reflected wave polarized wave is transmitted and received by a transmis 
intensity which is a power value of a vertically polarized sion / reception device 1 is Ts ; 
wave received through the second transmission / reception FIG . 7 is an explanatory drawing showing a relation 
processing , and calculate either a third reflected wave inten- 15 among the phases of R - hat ( T_ ) , R , -hat ( T ) and R. - hat ( T. ) , 
sity which is a power value of a vertically polarized wave which is seen from equations ( 18 ) , ( 20 ) and ( 22 ) ; 
received through the third transmission / reception process FIG . 8 is an explanatory drawing showing an example in 
ing , or a fourth reflected wave intensity which is a power which the length of each of time intervals at which a 
value of a horizontally polarized wave received through the polarized wave is transmitted and received by the transmis 
fourth transmission / reception processing ; and a linear - depo- 20 sion / reception device 1 is T .; 
larization ratio calculator configured to calculate a linear FIG . 9 is an explanatory drawing showing a relation 
depolarization ratio which is either the ratio between the first among the phases of Rg - hat ( T ) , R , -hat ( T ) , R -hat ( T ) and 
reflected wave intensity and the third reflected wave inten Rchat ( T. ) . which is seen from equations ( 45 ) , ( 47 ) , ( 49 ) 
sity or the ratio between the second reflected wave intensity and ( 51 ) ; 
and the fourth reflected wave intensity . The velocity calcu- 25 FIG . 10 is a block diagram showing a signal processing 
lator uses a pulse pair method to calculate a Doppler velocity device 6 of a dual polarization radar apparatus according to 
of an observation object reflecting polarized waves , from the Embodiment 3 of the present invention ; and 
first reflected wave intensity , the second reflected wave FIG . 11 is a hardware block diagram of the signal pro 
intensity and either the third reflected wave intensity or the cessing device 6 shown in FIG . 10 . 
fourth reflected wave intensity . Specifically , the velocity 30 
calculator calculates a lag of autocorrelation in each of DESCRIPTION OF EMBODIMENTS 
transmission polarized waves at time intervals at which a 
polarized wave is repeatedly transmitted by the transmis Hereafter , in order to explain this invention in greater 
sion / reception device , from the first reflected wave intensity , detail , the preferred embodiments of the present invention 
the second reflected wave intensity and either the third 35 will be described with reference to the accompanying draw 
reflected wave intensity or the fourth reflected wave inten ings . 
sity , calculates a phase difference between polarized waves 
repeatedly transmitted by the transmission / reception device Embodiment 1 
from the lag , and calculates the Doppler velocity of the 
observation object , from the lag , the phase difference 40 FIG . 1 is a block diagram showing a dual polarization 
between polarized waves , and a Nyquist rate which indicates radar apparatus according to Embodiment 1 of the present 
a range allowing the Doppler velocity to be observed . invention . 

Further , FIG . 2 is a block diagram showing a signal 
Advantageous Effects of Invention processing device 6 of the dual polarization radar apparatus 

45 according to Embodiment 1 of the present invention , and 
According to the present invention , because the linear FIG . 3 is a hardware block diagram of the signal processing 

depolarization ratio calculator is configured to calculate the device 6 shown in FIG . 2 . 
linear depolarization ratio which is either the ratio between In the configurations shown in FIGS . 1 to 3 , the trans 
the first reflected wave intensity and the third reflected wave mission / reception device 1 is comprised of a transmitter 2 , 
intensity or the ratio between the second reflected wave 50 a transmission - reception switch 3 , an antenna 4 and a 
intensity and the fourth reflected wave intensity where the receiver 5 , and repeatedly performs three types of polarized 
first through fourth reflected wave intensities are calculated wave transmission / reception processing elements which are 
by the reflected - wave intensity calculator , there is provided shown below : 
an advantage of being able to calculate the linear depolar ( 1 ) “ Transmission of a horizontally polarized wave and 
ization ratio while preventing the Nyquist rate from decreas- 55 reception of a horizontally polarized wave ” which is first 
ing , even when the three types of polarized - wave transmis transmission / reception processing to transmit a horizontally 
sion / reception processing elements repeatedly polarized wave and receive a horizontally polarized wave ; 
performed . ( 2 ) “ Transmission of a vertically polarized wave and 

reception of a vertically polarized wave ” which is second 
BRIEF DESCRIPTION OF DRAWINGS 60 transmission / reception processing to transmit a vertically 

polarized wave and receive a vertically polarized wave ; and 
FIG . 1 is a block diagram showing a dual polarization ( 3 ) “ Transmission of a horizontally polarized wave and 

radar apparatus according to Embodiment 1 of the present reception of a vertically polarized wave ” which is third 
invention ; transmission / reception processing to transmit a horizontally 
FIG . 2 is a block diagram showing a signal processing 65 polarized wave and receive a vertically polarized wave , or 

device 6 of the dual polarization radar apparatus according “ transmission of a vertically polarized wave and reception of 
to Embodiment 1 of the present invention ; a horizontally polarized wave ” which is fourth transmission / 

are 
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reception processing to transmit a vertically polarized wave mission / reception processing , from the digital received sig 
and receive a horizontally polarized wave . nal of the vertically polarized wave , or processing to calcu 

The transmitter 2 outputs either a horizontally polarized late a reflected wave intensity Vhv ( fourth reflected wave 
wave or a vertically polarized wave to the transmission intensity ) which is the power value of a horizontally polar reception switch 3 . 5 ized wave received through the fourth transmission / recep 

The transmission - reception switch 3 outputs either the tion processing , from the digital received signal of the horizontally polarized wave or the vertically polarized wave horizontally polarized wave . 
outputted from the transmitter 2 to the antenna 4 , and The reflected - wave intensity calculator 11 further per outputs either a horizontally polarized wave or a vertically 
polarized wave received by the antenna 4 to the receiver 5 , 10 in the transmission of a horizontally polarized wave and the forms processing to calculate a radar reflectivity factor Znn 

The antenna 4 emits either the horizontally polarized 
wave or the vertically polarized wave outputted from the reception of a horizontally polarized wave , a radar reflec 
transmission - reception switch 3 toward space , while the tivity factor Zy in the transmission of a vertically polarized 
antenna 4 receives either a horizontally polarized wave or a wave and the reception of a vertically polarized wave , and 
vertically polarized wave which is reflected by an observa- 15 a radar reflectivity factor Zyn in the transmission of a 
tion object , such as raindrops existing in the space , and then horizontally polarized wave and the reception of a vertically 
returns thereto . polarized wave ( or a radar reflectivity factor Zny in the 

The receiver 5 performs processing to receive either the transmission of a vertically polarized wave and the reception 
horizontally polarized wave or the vertically polarized wave of a horizontally polarized wave ) by integrating the reflected 
received by the antenna 4 , converts an analog received 20 wave intensities Vnn Vw and V , vh ( or Vhv ) , and also to 
signal of either the horizontally polarized wave or the calculate a radar reflectivity factor difference Zdr which is 
vertically polarized wave into a digital received signal , and the ratio between the radar reflectivity factor Znn and the 
outputs the digital received signal to the signal processing radar reflectivity factor Zww . 
device 6 . The reflected - wave intensity calculator 11 further per 

The signal processing device 6 is comprised of a 25 forms processing to display the calculated radar reflectivity 
reflected - wave intensity calculator 11 , a linear - depolariza factors Znh , Zy and Zyn ( or Zny ) and the calculated radar 
tion ratio calculator 12 and a velocity calculator 13. The reflectivity factor difference Zdr , on the display device 7 . 
signal processing device 6 calculates reflected wave inten The linear - depolarization ratio calculator 12 is imple 
sities which are the power values of a horizontally polarized mented by a linear - depolarization ratio calculation circuit 23 
wave and a vertically polarized wave , from the digital 30 that includes , for example , a semiconductor processing 
received signals of the horizontally polarized wave and the circuit equipped with a CPU , a one chip microcomputer or 
vertically polarized wave which are outputted from the the like , and a display processing circuit 25 that includes , for 
transmission / reception device calculates a linear depolar example , a semiconductor processing circuit equipped with 
ization ratio LDR from the reflected wave intensities , and a CPU , a one chip microcomputer or the like , and calculates 
calculates the Doppler velocity v - hat of an observation 35 a linear depolarization ratio LDRyh which is the ratio 
object . Since the symbol cannot be attached to the top of between the reflected wave intensity V and the reflected 
the character “ v ” in the document of the description because wave intensity Vyh which are calculated by the reflected 
of the restriction on an electronic application , “ v ” with wave intensity calculator 11 , i.e. , the ratio between the radar 
is denoted by “ v - hat ” for convenience ' sake . reflectivity factor Zin and the radar reflectivity factor Zvh . 

The display device 7 is comprised of a liquid crystal 40 Instead , the linear - depolarization ratio calculator performs 
display or the like , and displays the linear depolarization processing to calculate a linear depolarization ratio LDR 
ratio LDR , the Doppler velocity v - hat , etc. which are cal which is the ratio between the reflected wave intensity V , 
culated by the signal processing device 6 . and the reflected wave intensity Vhy which are calculated by 
The reflected - wave intensity calculator 11 is implemented the reflected - wave intensity calculator 11 , i.e. , the ratio 

by a signal input processing circuit 21 that is a signal input 45 between the radar reflectivity factor Zy , and the radar reflec 
interface for receiving a digital received signal outputted tivity factor Zhvi 
from the transmission / reception device 1 , a reflected - wave The linear - depolarization ratio calculator 12 also per 
intensity calculation circuit 22 that includes , for example , a forms processing to display the calculated linear depolar 
semiconductor processing circuit equipped with a CPU ization ratio LDR yn or LDRhy on the display device 
( Central Processing Unit ) , a one chip microcomputer or the 50 The velocity calculator 13 is implemented by a velocity 
like , and a display processing circuit 25 that is an interface calculation circuit 24 that includes , for example , a semicon 
for the display device 7 . ductor processing circuit equipped with a CPU , a one chip 

The reflected - wave intensity calculator 11 performs pro microcomputer or the like , and a display processing circuit 
cessing to calculate a reflected wave intensity Van ( first 25 that includes , for example , a semiconductor processing 
reflected wave intensity ) which is the power value of a 55 circuit equipped with a CPU , a one chip microcomputer or 
horizontally polarized wave received through the first trans the like , and performs processing to calculate the Doppler 
mission / reception processing in the transmission / reception velocity v - hat of an observation object from the reflected 
device 1 , from the digital received signal of the horizontally wave intensities V , V and V. hv , which are calcu 
polarized wave , and also to calculate a reflected wave lated by the reflected - wave intensity calculator 11 , by using 
intensity Vw ( second reflected wave intensity ) which is the 60 a pulse pair method . 
power value of a vertically polarized wave received through The velocity calculator 13 also performs processing to 
the second transmission / reception processing , from the digi display the calculated Doppler velocity v - hat on the display 
tal received signal of the vertically polarized wave . device 7 . 

The reflected - wave intensity calculator 11 also performs In the example shown in FIG . 1 , it is assumed that each 
either processing to calculate a reflected wave intensity V , 65 of the following components : the reflected - wave intensity 
( third reflected wave intensity ) which is the power value of calculator 11 , the linear - depolarization ratio calculator 12 
a vertically polarized wave received through the third trans and the velocity calculator 13 , which are components of the 

hh 

VV 

hh , vh or V , 
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signal processing device 6 , includes dedicated hardware In this Embodiment 1 , an example in which the observa 
components . Instead , the signal processing device 6 can tion object of the dual polarization radar apparatus is rain 
includes a computer . drops will be explained . 
FIG . 4 is a hardware block diagram in the case in which Because the transmitter 2 of the transmission / reception 

the signal processing device 6 includes a computer . 5 device 1 performs the transmission / reception processing 
In the case in which the signal processing device 6 elements in the following order : “ the transmission of a 

includes a computer , a program , which describes the opera horizontally polarized wave and the reception of a horizon 
tions to be performed by the reflected - wave intensity cal tally polarized wave ” ? “ the transmission of a vertically 
culator 11 , the linear - depolarization ratio calculator 12 and polarized wave and the reception of a vertically polarized 
the velocity calculator 13 , can be stored in a memory 31 of wave ” ? “ the transmission of a horizontally polarized wave 
the computer , and a processor 32 of the computer can be and the reception of a vertically polarized wave ” , the trans 
configured to execute the program stored in the memory 31 . mitter transmits a horizontally polarized wave- > a vertically 
FIG . 5 is a flow chart showing a radar signal processing polarized wave -- a horizontally polarized wave -- a horizon 

method which corresponds to processing performed by the tally polarized wave a vertically polarized wave- > a hori 
dual polarization radar apparatus according to Embodiment zontally polarized wave ? > a horizontally polarized 
1 of the present invention . wave -- a vertically polarized wave -- a horizontally polar 
Although in the example shown in FIG . 4 the single ized wave at transmission time intervals of Ts . 

processor 32 is illustrated as an example , the computer can When receiving either a horizontally polarized wave or a 
be equipped with two or more processors 32 . 20 vertically polarized wave from the transmitter 2 , the trans 
Next , operations will be explained . mission - reception switch 3 outputs either the horizontally 
FIG . 6 is an explanatory drawing showing an example in polarized wave or the vertically polarized wave to the 

which the length of each of time intervals at which antenna 4 . 
polarized wave is transmitted and received by the transmis When receiving either the horizontally polarized wave or 
sion / reception device 1 is T .. 25 the vertically polarized wave from the transmission - recep 

In the example shown in FIG . 6 , “ the transmission of a tion switch 3 , the antenna 4 emits either the horizontally 
horizontally polarized wave and the reception of a horizon polarized wave or the vertically polarized wave toward 
tally polarized wave ” which is the first transmission / recep space ( step ST1 of FIG . 5 ) . 
tion processing is performed at a time of ( 31–2 ) .Ts , " the After emitting either the horizontally polarized wave or 
transmission of a vertically polarized wave and the reception the vertically polarized wave toward space , the antenna 4 
of a vertically polarized wave ” which is the second trans receives either the horizontally polarized wave or the ver 
mission / reception processing is performed at a time of tically polarized wave which is reflected by raindrops which 
( 31-1 ) .T . , and either the transmission of a horizontally are the observation object and then returns thereto . 
polarized wave and the reception of a vertically polarized In the example shown in FIG . 6 , the antenna receives a 
wave ” which is the third transmission / reception processing horizontally polarized wave vertically polarized 
or “ the transmission of a vertically polarized wave and the wave - a vertically polarized wave- > a horizontally polar 
reception of a horizontally polarized wave " which is the ized wave a vertically polarized wave- > a vertically polar 
fourth transmission / reception processing is performed at a ized wave ? ? a horizontally polarized wave- > 
time of 3i.T 40 vertically polarized wave- > a vertically polarized wave at 

In this example , i = 1 , 2 , 3 , ... , and I. reception time intervals of Tc . 
I denotes the number of sample pairs ( the number of hits The transmission - reception switch 3 outputs either the 

in each of the following processes : the transmission of a horizontally polarized wave or the vertically polarized wave 
horizontally polarized wave and the reception of a horizon received by the antenna 4 to the receiver 5 . 
tally polarized wave , the transmission of a vertically polar- 45 The receiver 5 performs the processing to receive either 
ized wave and the reception of a vertically polarized wave , the horizontally polarized wave or the vertically polarized 
and the transmission of a horizontally polarized wave and wave received by the antenna 4 , convert an analog received 
the reception of a vertically polarized wave ( or the trans signal of either the horizontally polarized wave or the 
mission of a vertically polarized wave and the reception of vertically polarized wave into a digital received signal , and a horizontally polarized wave ) ) . output the digital received signal to the signal processing 

In this Embodiment 1 , it is assumed that the transmission / device 6 ( step ST2 ) . reception device 1 performs “ the transmission of a horizon The reflected - wave intensity calculator 11 of the signal tally polarized wave and the reception of a horizontally 
polarized wave ” which is the first transmission / reception processing device 6 calculates the reflected wave intensity 

Vrin which is the power value of a horizontally polarized processing , the transmission of a vertically polarized wave 55 
and the reception of a vertically polarized wave ” which is wave received through the first transmission / reception pro 
the second transmission / reception processing , and " the cessing by the transmission / reception device 1 , from the 
transmission of a horizontally polarized wave and the recep digital received signal of the horizontally polarized wave , 
tion of a vertically polarized wave ” which is the third and also calculates the reflected wave intensity Vw which is 
transmission / reception processing . the power value of a vertically polarized wave received 

In the example shown in FIG . 6 , the order in which the through the second transmission / reception processing , from 
processing elements are in turn executed is as follows : “ the the digital received signal of the vertically polarized wave . 
transmission of a horizontally polarized wave and the recep The reflected - wave intensity calculator further calculates the 
tion of a horizontally polarized wave ” ? “ the transmission of reflected wave intensity Vyh which is the power value of a 
a vertically polarized wave and the reception of a vertically 65 vertically polarized wave received through the third trans 
polarized wave ” - “ the transmission of a horizontally polar mission / reception processing , from the digital received sig 
ized wave and the reception of a vertically polarized wave . ” nal of the vertically polarized wave ( step ST3 ) . 

35 

50 

60 
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Hereafter , the processing to calculate the reflected wave M ,: a parameter set to 0 when a horizontally polarized wave 
intensities Van Vy and Vwn which is performed by the is transmitted , and set to 1 when a vertically polarized 
reflected - wave intensity calculator 11 will be explained wave is transmitted ; 
concretely . ko : a propagation constant in free space ; 

Because raindrops which are the observation object typi- 5 kg : a propagation constant in space which depends on a 
cally exist randomly in space , the digital received signals horizontally polarized wave ; and 
outputted from the transmission / reception device 1 have a ky : a propagation constant in space which depends on a 
random nature . vertically polarized wave . 

Therefore , it is desirable that when calculating the The reflected - wave intensity calculator 11 calculates the 
reflected wave intensities Vhh Vy and Vwn the reflected- 10 sum total of the voltages of the backward scattered received 
wave intensity calculator 11 performs averaging ( numerical signals which are the digital received signals of horizontally 
integration ) of digital received signals ( statistically - indepen polarized waves received through the first transmission / 
dent received signals ) which are acquired through transmis reception processing multiple times , i.e. , a reflected wave 
sions of a polarized wave ( multiple transmissions of a intensity Vin ( n ) in the n - th sample , as shown in the follow 
pulse ) , thereby suppressing a fluctuation in an estimated 15 ing equation ( 4 ) . 
value of each of reflected wave intensities which will be The reflected - wave intensity calculator 11 also calculates 
mentioned below , and improving the accuracy of each of the the sum total of the voltages of the backward scattered 
reflected wave intensities . In this regard , the digital received received signals which are the digital received signals of 
signals which are the target for the above - mentioned aver vertically polarized waves received through the second 
aging process are the digital received signals of horizontally 20 transmission / reception processing multiple times , i.e. , a 
polarized waves received through the first transmission / reflected wave intensity Vyv ( n + 1 ) in the ( n + 1 ) -th sample , as 
reception processing multiple times , the digital received shown in the following equation ( 5 ) . 
signals of vertically polarized waves received through the The reflected - wave intensity calculator 11 further calcu 
second transmission / reception processing multiple times , lates the sum total of the voltages of the backward scattered 
and the digital received signals of vertically polarized waves 25 received signals which are the digital received signals of 
received through the third transmission / reception processing vertically polarized waves received through the third trans 
multiple times . mission / reception processing multiple times , i.e. , a reflected 

In this regard , a relational expression showing a relation wave intensity Vyh ( n + 2 ) in the ( n + 2 ) -th sample , as shown in 
among a voltage matrix of backward scattered received the following equation ( 6 ) . These reflected wave intensities 
signals which are received signals of the antenna 4 , a 30 are calculated for each of divisions ( grid points ) of an 
transmission matrix of polarized waves , and a backward azimuthal angle in an observation region , and a distance . 
scattered matrix of polarized waves is typically expressed by 
the following equations ( 1 ) to ( 3 ) : 

AG 
Vhhín ) e - 2j ( ko + kh ) ' in ) 

AG Suhe2dr Sheld1 +22 ) Mh ( 1 ) IM ( 5 ) 
4x r2 Svnelli +22 ) My w ( n + 1 ) = 

( 2 ) Az = = jking = = ( ko + ( Sundle , 2 ) ) = < fimm ( , 2 ) ) = – jéko + kn ) Vyh ( n + 2 ) = ( 6 ) 
AG NG 

( 3 ) 12 = = jkg = -i?ko + Som ( 6 , 7 ) ) = – ilko + kv ) 4 r2 

AG 

35 4xr ? I sin l ' e 24yron ) Shinte ???? ? 
AG AG 

Swellar 4712 ? sim l'e2d3p ( 2 + 1 ) 4742 s vl'e + 2jkotky » pt 1 

40 
( n + 2 ) Sindie - il ko + kwa + ky with 4752 Shield ] + d2 \ righ + 2 ) 

where V2 : the voltage of the backward scattered received 45 where i : an index of a scattered wave in each resolution ( the 
signal of a horizontally polarized wave ; i - th particle ) ; and 
V : the voltage of the backward scattered received signal of I ' : a matrix containing an initial phase . 

a vertically polarized wave ; Because a distance r ' ( n + 1 ) is the one which is acquired by 
Snn : a scattering parameter in the transmission of a hori adding T v ; to an immediately preceding distance r ( n ) to 

zontally polarized wave and the reception of a horizon- 50 move the point at this distance , the distance r ; ( n + 1 ) is 
tally polarized wave ” ; expressed by the following equation ( 7 ) . 

Syy : a scattering parameter in “ the transmission of a verti pi ( n + 1 ) = r ( n ) + Tgvi ( 7 ) cally polarized wave and the reception of a vertically 
polarized wave " ; After calculating the reflected wave intensities Vin ( n ) , 

Syni a scattering parameter in the transmission of a hori- 55 Vyv ( n + 1 ) and Vvh ( n + 2 ) , the reflected - wave intensity calcu 
zontally polarized wave and the reception of a vertically lator 11 integrates the reflected wave intensities Vnn ( n ) , 
polarized wave ” ; Vy ( n + 1 ) and Vyh ( n + 2 ) , thereby determining the radar 

Shy : a scattering parameter in “ the transmission of a verti reflectivity factor Znn in the transmission of a horizontally 
cally polarized wave and the reception of a horizontally polarized wave and the reception of a horizontally polarized 
polarized wave " ; 60 wave , the radar reflectivity factor being the reflected wave 

2 : the wavelength of polarized waves ; intensity after the integration of the reflected wave intensity 
G : the gain of the antenna 4 ; Vnn ( n ) , the radar reflectivity factor Zy , in the transmission of 
r : the distance from the dual polarization radar apparatus to a vertically polarized wave and the reception of a vertically 

a raindrop which is an observation object ; polarized wave , the radar reflectivity factor being the 
M ,: a parameter set to 1 when a horizontally polarized wave 65 reflected wave intensity after the integration of the reflected 

is transmitted , and set to 0 when a vertically polarized wave intensity Vy ( n + 1 ) , and the radar reflectivity factor Zvh 
wave is transmitted ; in the transmission of a horizontally polarized wave and the 



M - 1 1 
vv { 3i + 1 ) Vvh ( 3i + 2 ) + V vh ( 3i + 2 ) Vvv ( 3i + 3 ) ) 

i = 0 
10 

US 10,795,017 B2 
11 12 

reception of a vertically polarized wave , the radar reflectiv In the method ( pulse pair method ) of estimating autocor 
ity factor being the reflected wave intensity after the inte relation in alternate transmission of polarized waves , the lag 
gration of the reflected wave intensity Vyn ( n + 2 ) . R - hat ( T ) is expressed by the following equation ( 10 ) . In 

The user is enabled to determine the range of this inte general , R - hat ( Ts ) is referred to as “ lag 1 ” , and R - hat ( 2T ) 
is referred to as “ lag 2. ” gration arbitrarily in consideration of the accuracy of the 5 

radar apparatus , etc. For example , it is assumed that the 
integration range is determined by both the length T. of each ( 10 ) of the time intervals at which a polarized wave is transmitted Â ( Ts ) = 3M ( Vit B Vost3i + 1 ) + V 
and received by the transmission / reception device 1 and a 
known beam range provided by the transmission / reception 
device 1 ( a range within which the radar is rotated ) . In the equation ( 10 ) , M denotes the number of sample The reflected - wave intensity calculator 11 also calculates pairs ( the number of hits in each of the following transmis the radar reflectivity factor difference Zdr which is the ratio sion / reception processing elements : the transmission of a 
of the radar reflectivity factor Znn to the radar reflectivity 15 horizontally polarized wave and the reception of a horizon 
factor Zyv , as shown in the following equation ( 8 ) . tally polarized wave , the transmission of a vertically polar 

ized wave and the reception of a vertically polarized wave , 
and the transmission of a horizontally polarized wave and 

( 8 ) the reception of a vertically polarized wave ( or the trans Zdr [ dB ] = 10logio mission of a vertically polarized wave and the reception of 
a horizontally polarized wave ) ) . 

R - hat ( T ) shown in the equation ( 10 ) can be decomposed 
The reflected - wave intensity calculator 11 further outputs into three equations , as shown in the following equations 

the radar reflectivity factors Znh and Zyh to the linear ( 11 ) to ( 13 ) . More specifically , R hat ( Ts ) , R - hat ( T ) and 
depolarization ratio calculator 12 , and also displays the radar R -hat ( Ts ) which are components of R - hat ( Ts ) shown in the 
reflectivity factors Zon Z , and Zwn and the radar reflectivity 25 equation ( 10 ) can be specified . 
factor difference Zdr on the display device 7 . 
When receiving the radar reflectivity factors Znh and Zyh ( 11 ) from the reflected - wave intensity calculator 11 , the linear ?a ( Ts ) Vin ( 3 ) Vvv ( 3i + 1 ) depolarization ratio calculator 12 substitutes the radar reflec 

tivity factors Zuh and Zwn into the following equation ( 9 ) , to ( 12 ) calculate the linear depolarization ratio LDRyn ( step ST4 ) . Vwf3i + 1 ) Vyh ( 3i + 2 ) 

Znh 
Zw 20 

M - 1 

i = 0 
30 

M - 1 

R , CT , 
i = 0 

M - 1 ( 9 ) ( 13 ) 
LDRvh [ dB ] = 10logio Zvh Znh 35 ?c ( Ts ) = Vin ( 3i + 2 ) Vhh ( 3i + 3 ) 

i = 0 

vh , 

hh , 

45 ing . 

After calculating the linear depolarization ratio LDR vho Rg - hat ( Ts ) denotes a covariance in terms of a horizontally the linear - depolarization ratio calculator 12 displays the polarized wave at a time of reception of a horizontally 
linear depolarization ratio LDRwn on the display device 7 . 40 polarized wave , i.e. , a covariance ( first covariance ) between 
When the reflected - wave intensity calculator 11 calculates horizontally polarized waves at times when the horizontally 

the reflected wave intensities Vhno Vw and V , the velocity polarized waves are received through the first transmission / 
calculator 13 calculates the Doppler velocity v - hat of the reception processing , and vertically polarized waves 
observation object from the reflected wave intensities V , received through the second transmission / reception process 
Vy and Vyh by using the pulse pair method ( step ST5 ) . 
More specifically , the velocity calculator 13 calculates a Rz - hat ( Ts ) denotes a covariance in terms of a vertically 

lag R - hat ( Tc ) of autocorrelation in each of transmission polarized wave , i.e. , a covariance ( second covariance ) polarized waves at the time intervals of T , at which a between vertically polarized waves at times when the ver polarized wave is repeatedly transmitted by the transmis tically polarized waves are received through the second 
sion / reception device 1 , from the reflected wave intensities 50 transmission / reception processing , and vertically polarized 
Vnho Vy and Vwn calculated by the reflected - wave intensity waves received through the third transmission / reception 
calculator 11 , calculates a phase difference Opp - hat between processing 
polarized waves repeatedly transmitted by the transmission / R -hat ( T ) denotes a covariance in terms of a horizontally 
reception device 1 from the lag R - hat ( Ts ) , and calculates the polarized wave at a time of reception of a vertically polar 
Doppler velocity v - hat of the observation object from the lag 55 ized wave , i.e. , a covariance ( third covariance ) between 
R - hat ( T. ) , the phase difference Odp - hat between polarized vertically polarized waves at times when the vertically 
waves , and a Nyquist rate Va which indicates a range polarized waves are received through the third transmission / 
allowing the Doppler velocity v - hat to be observed . reception processing , and horizontally polarized waves 

Because the symbol cannot be attached to the top of received through the first transmission / reception processing . 
the character “ R ” and to the top of the character “ o ” in the 60 As a result , R - hat ( T ) shown in the equation ( 10 ) is 
document of the description because of the restriction on an expressed by the following equation ( 14 ) . 
electronic application , “ R ” with “ * ” is denoted by “ R - hat " 

is denoted by “ p - hat ” for convenience ' 
sake . ( 14 ) Â ( Ts ) Hereafter , the processing to calculate the Doppler velocity 65 = } Ru 7 [ Ra ( Ts ) + Rb ( Ts ) + ?c ( Ts ) ] 
V - hat which is performed by the velocity calculator 13 will 
be explained concretely . 

( 1 

and “ M ” with mos 
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By using the reflected wave intensity Vnn ( n ) shown in the By using the reflected wave intensity VW ( n + 1 ) shown in 
equation ( 4 ) and the reflected wave intensity Vy ( n + 1 ) the equation ( 5 ) and the reflected wave intensity Vvn ( n + 2 ) 
shown in the equation ( 5 ) , Rg - hat ( T ) shown in the equation shown in the equation ( 6 ) , R -hat ( T ) shown in the equation 
( 11 ) is expressed by the following equation ( 15 ) . ( 12 ) is expressed by the following equation ( 19 ) . 

5 

Â , ( Ts ) = ( Vm ) Vwh ( n + 1 ) ) ( 15 ) R ( TQ ) = ( VMT + 1Vvhn + 2 ) ) ( 19 ) 

* 4x92 s , l'e - 2.jko + ky ) " ( 2 + 1 ) 
10 i - 23 * ? stule 386 tipuria ) 

askotkovi u 
- ( 49TEI " > < ( exp { 2 } lko + 

AG AG 4772 Skyl'e - 2.jiko + k » ( n + 1 ) 
- Botkyriano ) . 

Hitotoy havior ) 
= CGVE S suis un pipi ' x ( expl2j6ko + 

4772 Sindie - iko tku tkiv prin + 2 ) 

i 15 

kn ) ri ( n ) – 2j ( ko + k ,, ) r ' ( n + 1 ) } } ky ) ri ( n + 1 ) – j ( 2ko + ku + ky ) r ' ( n + 2 ) } } 
AG 2 

EL Siksi , " l ' " * ( 442 ) ? < sci sin # 1 • 1 ? x ( exp { 2 } ( ko + 
20 

( exp { 2 j ( ko + kn ) r ' ( n ) – 2 ; ( ( ko + kg ) r ' ( n ) + ky ) ' ( n + 1 ) - | ( 2ko + kn + ky ) r ' ( n + 2 ) } } 
( ko + ky ) T , VU ) } ) ( CG JE SunWVrij ? x exp { 2 } tko tko je 

( n + 1 ) - ( 2k + k? + k , gr ( n + 1 ) - ( 2k + 
kn + ky ) Tsv ; } ) 

In this equation , because 2 ( ko + kw ) r ' ( n ) which is a phase 25 
is uniformly distributed in the range from 0 to 21 , the 
expected value of the exponential portion in the equation 
( 15 ) is zero in cases other than the case of i = 1 . 

Therefore , Re - hat ( T ) shown in the equation ( 15 ) is 
expressed by the following equation ( 16 ) . 

( 472 ) Eks . Suuri ? x ( expl / ltk – kw ) 
30 ( n + 1 ) - ( 2k + kh + k , Tsv : ] } } 

?a ( Ts ) = ( 16 ) - ( ( SiSuW ? j ? x ( expljlk , – kuro – i 

( ANG TE < susunarij ? x ( expl / 26in – k . » ( n ) – 2ko + k? ) T.vid ) ) ( 2ko + ku + kv ) Tsv ] } 
35 

Because when r * ( n ) in the equation ( 16 ) is averaged , the 
average is the midpoint among all the distances , r ( n ) can be 
set as ro ( middle distance ) . Further , because when Vi is 
averaged , the average is the one of all the velocities , V ; can 
be set as v ( average velocity ) . 

R , -hat ( T ) shown in the equation ( 19 ) is expressed by the 
following equation ( 20 ) , by using opp = 2 ( k ,, - k , ) ro , 2-2 
( ko + k ) T , v and - 2 ( ko + kn ) T v . 

40 

( 20 ) Ry ( 7 . ) = ( ago I ( sisu11 ° xexp { i - ®opptur -d ] } 
?a ( Ts ) = ( 17 ) 

45 

200 ) Seks » W'j ? xexp { j12 ( kin – kuro – 26ko + k » ) T v ] } By using the reflected wave intensity Vin ( n ) shown in the 
equation ( 4 ) and the reflected wave intensity Vyh ( n + 2 ) 
shown in the equation ( 6 ) , Rc - hat ( Ts ) shown in the equation 
( 13 ) is expressed by the following equation ( 21 ) . 

?c ( Ts ) = ( Vihan + 2 ) Vhh ( n + 3 ) ) ( 21 ) 

AG 

Because 2 ( kh - k , ) r , is equal to the phase difference ODP 50 
between a horizontally polarized wave and a vertically 
polarized wave in the equation ( 17 ) , 2 ( kh - k , ) roPpp . Fur 
ther , because -2 ( ko + k , ) T v is equal to the amount of 
Doppler shifts yd of a vertically polarized wave , -2 ( ko + k ) 
Tv = Yd 

Further , because this embodiment is based on the assump 
tion that the amount of Doppler shift of a horizontally 
polarized wave and the amount of Doppler shift of a 
vertically polarized wave do not change , -2 ( ko + k ; ) T , v = Wd 
As a result , Rq - hat ( T ) is expressed by the following 

equation ( 18 ) . 

4zr ? — sin l'exiPkotka #kvet ( n + 2 l'e - motor 55 

AG 4712 ? Sion d'exiko + kipt ( n + 3 ) 
( AG si " * ) < ( exp ! // 2ko + 60 

kn + Ky ) " ( n +2 ) – 2j ( ko + kn ) r ' ( n + 3 } } ) 

( 18 ) RoKTo = CH 0 SisMi® xexpljløp + Wa ] } = 0 si 290 Sinurij ? x ( expl } ( 2ko + 
65 

kn + Ky ) ( n + 2 ) - 2j ( ko + kn ) r ' ( n +3 } } } 



15 
-continued 

- ( 49 < sigur'i ? x ( expt i12ko + kn + ki , bu 

US 10,795,017 B2 
16 

( Ts ) contained in the lag R - hat ( Ts ) , the phase difference 
Pop - hat between polarized waves , and the Nyquist rate va 
which indicates the range allowing the Doppler velocity 
v - hat to be observed , as shown in the following equation 
( 25 ) . 

i 

( n +2 ) – 2j ( ko + kn ) r ' ( n + 2 ) - 2j ( ko + 5 

kn ) Tsv ; } ) 

= ( 40G si sinurij ? x ( explilky – Kodi W = 

10 

- Con la sua suuri x ( expl / – kw ) - case 

15 

ta 

4102 ) { < scisla zip rij xexp { i [ - ] opp odp + ud 

25 

AG 12 - arg [ expljya ) ) = arg [ Roexp ( – j?pp ) ] ( 25 ) 

( n + 2 ) – 2 ( ko + kn ) T vi ] } ) 
In this embodiment , the equation ( 25 ) is the same as a 

formula for calculating the Doppler velocity v - hat in 
in which either processing to transmit a single polarized 

2 ( ko + kn ) T , v ] } wave and receive a single polarized wave or processing to 
concurrently transmit polarized waves and concurrently 

R - hat ( T ) shown in the equation ( 21 ) is expressed by the receive polarized waves is performed , and the Nyquist rate 
following equation ( 22 ) , by using opp = 2 ( kh - k ) r , and which indicates the range allowing the Doppler velocity 
22-2 ( ko + kh ) T v . V - hat to be observed is recovered to a Nyquist rate which is 

20 the same as that in the case in which either processing to 
transmit a single polarized wave and receive a single polar 

( 22 ) ized wave or processing to concurrently transmit polarized 
( Ts ) waves and concurrently receive polarized waves is per 

formed . 
Therefore , even when the three types of polarized - wave 

FIG . 7 is an explanatory drawing showing a relation transmission / reception processing elements are repeatedly 
among the phases of Rg - hat ( T. ) R. - hat ( Ts ) and Rc - hat ( T. ) , performed , the Doppler velocity v - hat of the observation 
which is seen from the equations ( 18 ) , ( 20 ) and ( 22 ) . In the object can be calculated at the Nyquist rate which is the 
example shown in FIG . 7 , for the sake of simplicity of the same as that in the case in which either processing to 
drawing , the description of ( T. ) is omitted , and Rg - hat ( Ts ) , 30 transmit a single polarized wave and receive a single polar 
Ry - hat ( T ) and R - hat ( T. ) will be expressed as Rg - hat , ized wave or processing to concurrently transmit polarized 
R , hat and R -hat , respectively . waves and concurrently receive polarized waves is per 
As shown in FIG . 7 , the difference in phase between formed . 

R , -hat and either ( R2 - hat + R , -hat ) or ( R -hat + R -hat ) is op As can be seen from the above description , Embodiment 
and the difference in phase between either ( R , -hat + R , -hat ) 35 1 is configured to include the linear - depolarization ratio 
or ( Rg - hat + RC - hat ) and either Ry - hat or Rc - hat is pp / 2 . calculator 12 determines the radar reflectivity factor Znn in 

Further , the phases of ( Rq - hat + R , -hat ) and ( Re - hat + R , the transmission of a horizontally polarized wave and the 
hat ) are 4d reception of a horizontally polarized wave , the radar reflec 
As a result , the phase difference Pop - hat between polar tivity factor being the reflected wave intensity after the 

ized waves repeatedly transmitted by the transmission / re- 40 integration of the reflected wave intensity Vnn ( n ) calculated 
ception device 1 is expressed by either two - thirds of the by the reflected - wave intensity calculator 11 , and the radar 
argument between Rg - hat ( Ts ) and Rg - hat ( Ts ) or two - thirds reflectivity factor Zyn in the transmission of a horizontally 
of the argument between Rg - hat ( T2 ) and Rc - hat ( Ts ) . polarized wave and the reception of a vertically polarized 
More specifically , the phase difference Opp - hat between wave , the radar reflectivity factor being the reflected wave 

polarized waves repeatedly transmitted by the transmission / 45 intensity after the integration of the reflected wave intensity 
reception device 1 is expressed by the following equation Vyh ( n + 2 ) , and calculate the linear depolarization ratio 
( 23 ) . LDRun which is the ratio between the radar reflectivity factor 

Znn and the radar reflectivity factor Zvh . Thus , there is Opp = 2arg ( ( T ) R , * ( T ) ) / 3 = 2arg ( RT ) R * ( T ) ) / 3 ( 23 ) provided an advantage of being able to calculate the linear 
In this regard , the example in which the velocity calcu- 50 depolarization ratio LDR while preventing the Nyquist 

lator 13 calculates , as the phase difference Pop - hat between rate Va from decreasing , even when the three types of 
polarized waves repeatedly transmitted by the transmission / polarized - wave transmission / reception processing elements 
reception device 1 , either two - thirds of the argument are repeatedly performed . 
between Rg - hat ( Ts ) and Rg - hat ( T. ) , or two - thirds of the In this Embodiment 1 , the example in which the trans 
argument between Ro - hat ( T. ) and Re - hat ( T. ) is shown . 55 mission / reception device 1 performs “ the transmission of a 
Instead , the velocity calculator can calculate , as the phase horizontally polarized wave and the reception of a horizon 
difference Pop - hat between polarized waves repeatedly tally polarized wave ” which is the first transmission / recep 
transmitted by the transmission / reception device 1 , the aver tion processing , “ the transmission of a vertically polarized 
age of two - thirds of the argument between R -hat ( Ts ) and wave and the reception of a vertically polarized wave ” 
R -hat ( Ts ) and two - thirds of the argument between R2 - hat 60 which is the second transmission / reception processing , and 
( T ) and R -hat ( T. ) , as shown in the following equation “ the transmission of a horizontally polarized wave and the 
( 24 ) . reception of a vertically polarized wave ” which is the third 

transmission / reception processing is shown . Instead , the Opp = 2arg ( R ( T ) R , * ( T ) ) / 3 = 2arg ( R ( 7 ) R * ( T ) ) / 3 ) } 2 ( 24 ) transmission / reception device can perform “ the transmission 
After calculating the phase difference Pop - hat between 65 of a horizontally polarized wave and the reception of a 

polarized waves , the velocity calculator 13 calculates the horizontally polarized wave ” which is the first transmission / 
Doppler velocity v - hat of the observation object from Rg - hat reception processing , the transmission of a vertically polar 
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ized wave and the reception of a vertically polarized wave ” sion / reception device 1 from the reflected wave intensities 
which is the second transmission / reception processing , and Vhne Vy and Vhy calculated by the reflected - wave intensity 
“ the transmission of a vertically polarized wave and the calculator 11 , calculates the phase difference Ppp - hat 
reception of a horizontally polarized wave ” which is the between polarized waves repeatedly transmitted by the 
fourth transmission / reception processing . 5 transmission / reception device 1 from the lag R - hat ( T ) , and 

In this case , instead of calculating the sum total of the calculates the Doppler velocity v - hat of the observation 
voltages of the backward scattered received signals which object from the lag R - hat ( T ) , the phase difference Opp - hat 
are the digital received signals of vertically polarized waves between polarized waves , and the Nyquist rate va 
received through the third transmission / reception processing When the Doppler velocity v - hat is calculated using the 
multiple times , i.e. , the reflected wave intensity Vyn ( n + 2 ) in 10 reflected wave intensities calculated by the reflected - wave 
the ( n + 2 ) -th sample , the reflected - wave intensity calculator intensity calculator 11 , the lag R - hat ( Ts ) is expressed , in the 
11 calculates the sum total of the voltages of the backward method ( pulse pair method ) of estimating the autocorrelation scattered received signals which are the digital received in the alternate transmission of polarized waves , by the signals of horizontally polarized waves received through the 
fourth transmission / reception processing multiple times , i.e. , 15 following equation ( 28 ) . 
a reflected wave intensity Vhv ( n + 2 ) in the ( n + 2 ) -th sample , 
as shown in the following equation ( 26 ) . ( 28 ) 

3M ( Vitaan Vu 31+ 1 ) + Vid3i + 1 ) Vnv Bi + 2 ) + Vita 3i + 2 ) Vv3 : 43 ) 
Vhvín + 2 ) = ( 26 ) 20 

sile - 32ko + k + ky ( +2 ) R - hat ( T ) shown in the equation ( 28 ) can be decomposed 
into three equations , as shown in the above - mentioned 
equations ( 11 ) and ( 12 ) and the following equation ( 29 ) . 
More specifically , R , -hat ( T ) , R -hat ( Ts ) and R -hat ( Ts ) , The reflected - wave intensity calculator 11 also integrates which are components of R - hat ( Ts ) shown in the equation the reflected wave intensity Vh ( n + 2 ) , thereby determining ( 28 ) , can be specified . 

the radar reflectivity factor Zhy in the transmission of a 
vertically polarized wave and the reception of a horizontally 
polarized wave , the radar reflectivity factor being the ( 29 ) 
reflected wave intensity after the integration of the reflected ?c ( T ) = Viv { 3i + 2 ) Vhh ( 3i + 3 ) ) wave intensity Vn ( n + 2 ) . 

Although the user can determine this integral range arbi 
trarily in consideration of the accuracy of the radar appara Rahat ( Ts ) denotes a covariance in terms of a vertically tus , etc. , it is assumed that , for example , the integral range is determined from the length T , of each of the time intervals 35 polarized wave at a time of reception of a horizontally polarized wave , i.e. , a covariance ( fourth covariance ) at which a polarized wave is transmitted and received by the between horizontally polarized waves at times when the transmission / reception device 1 and a known beam range horizontally polarized waves are received through the fourth provided by the transmission / reception device 1 ( a range transmission / reception processing , and horizontally polar 
within which the radar is rotated ) . ized waves received through the first transmission / reception In addition , the reflected - wave intensity calculator 11 processing outputs the radar reflectivity factors Zw and Zhy to the By using the reflected wave intensity Vnn ( n ) shown in the linear - depolarization ratio calculator 12 , and also displays equation ( 4 ) and the reflected wave intensity Vh ( n + 2 ) the radar reflectivity factors Znh , Zy and Zhy and the radar shown in the equation ( 26 ) , R - hat ( T ) shown in the reflectivity factor difference Zdr on the display device 7 . When receiving the radar reflectivity factors Zand 2,45 equation ( 29 ) is expressed by the following equation ( 30 ) . 
from the reflected - wave intensity calculator 11 , the linear 
depolarization ratio calculator 12 substitutes the radar reflec R ( T , ) = ( VÍ + 2Vhhín + 3 ) ) ( 30 ) 
tivity factors Zy and Zny into the following equation ( 27 ) , to 
calculate the linear depolarization ratio LDR hv . 

25 

M - 1 30 
= 

i = 0 

40 

AG 
50 

40r2 ? Sny d'e jl2ko #kptkuve ( n = 2 ) 
( 27 ) AG 

LDRhy [ dB ] = 10logiol Zhv Zvo 
Smile - 2 / ko + km2 * 6 + 3 ) 41 r2 

55 = ( 20 ) EI ( sukan di ' ) x ( exp ! ( 2ko + i 

kn + Ky ) ( n +2 ) – 2j ( ko + kn ) r ' ( n + 3 } } } + 

( 2001 ) S « Sm ? V j® < ( explj ( 2ko + 

After calculating the linear depolarization ratio LDR 
the linear - depolarization ratio calculator 12 displays the 
linear depolarization ratio LDRny on the display device 7 . 
When the reflected - wave intensity calculator 11 calculates 

the reflected wave intensities Vin , Vw and Vhhy , the velocity 60 
calculator 13 calculates the Doppler velocity v - hat of the 
observation object from the reflected wave intensities V 
Vy and V hy by using the pulse pair method . 
More specifically , the velocity calculator 13 calculates the 

lag R - hat ( T ) of the autocorrelation in each of transmission 65 
polarized waves at the time intervals of T , at which a 
polarized wave is repeatedly transmitted by the transmis 

kn + Ky ) p ( n + 2 ) – 2j ( ko + kar ( n + 3 } } } 
hh : 

- ( ) > < 75m ?! j ? x ( explj ( 2ko + kin + ko by 
( n + 2 ) – 2j?ko + kn ) r ' ( n + 2 ) – 2j ( ko + 
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-continued transmission of a vertically polarized wave and the reception 
kn ) Tsv ; } ) of a vertically polarized wave , the transmission of a hori 

zontally polarized wave and the reception of a vertically 
polarized wave , and the transmission of a vertically polar 

5 ized wave and the reception of a horizontally polarized 
( n + 2 ) – 2 ( ko + kn ) Tsv ; } } ) wave ) . 

More specifically , in the example shown in FIG . 8 , the 
( 2012 ) ( Size Sign Ipij x ( exp { ] j [ ky – kn ) % o order in which the processing elements are in turn executed 

is as follows : “ the transmission of a horizontally polarized 
2 ( ko + kn ) T , v ] } 10 wave and the reception of a horizontally polarized 

wave ” ? “ the transmission of a horizontally polarized wave 
and the reception of a vertically polarized wave ” ? “ the 

R -hat ( T. ) shown in the equation ( 30 ) is expressed by the transmission of a vertically polarized wave and the reception 
following equation ( 31 ) , by using Opp = 2 ( kh - k , ) r , and of a vertically polarized wave ” ? “ the transmission of a 
W - 2 ( ko + kn ) T v . 15 vertically polarized wave and the reception of a horizontally 

polarized wave . ” 
A block diagram showing a dual polarization radar appa 

( 22 ) ratus according to Embodiment 2 is the same as that of FIG . 
1 showing the dual polarization radar apparatus according to 

20 above - mentioned Embodiment 1 . 
Next , operations will be explained . 

The details of subsequent processes performed by the Because a transmitter 2 of the transmission / reception 
velocity calculator 13 are the same as those in the case in device 1 performs the transmission / reception processing 
which “ the transmission of a horizontally polarized wave elements in the following order : “ the transmission of a 
and the reception of a vertically polarized wave ” which is 25 horizontally polarized wave and the reception of a horizon 
the third transmission / reception processing is performed . tally polarized wave ” ? “ the transmission of a horizontally 

polarized wave and the reception of a vertically polarized 
Embodiment 2 wave ” ? “ the transmission of a vertically polarized wave and 

the reception of a vertically polarized wave ” ? “ the trans 
Although in above - mentioned Embodiment 1 , the 30 mission of a vertically polarized wave and the reception of 

example in which the transmission / reception device 1 per a horizontally polarized wave ” , the transmitter transmits a 
forms either the transmission of a horizontally polarized horizontally polarized wave - a horizontally polarized 
wave and the eception of a vertically polarized wave ” wave -- a vertically polarized wave- > a vertically polarized 
which is the third transmission / reception processing or the wave -- a horizontally polarized wave- > a horizontally polar 
transmission of a vertically polarized wave and the reception 35 ized wave -- a vertically polarized wave -- a vertically polar 
of a horizontally polarized wave ” which is the fourth trans ized wave .. ? a horizontally polarized wave -- a hori 
mission / reception processing is shown , the transmission / zontally polarized wave -- a vertically polarized wave- > 
reception device 1 can repeatedly perform the four types of vertically polarized wave at transmission time intervals of 
polarized - wave transmission / reception processing elements TC . 
by performing both “ the transmission of a horizontally 40 When receiving either a horizontally polarized wave or a 
polarized wave and the reception of a vertically polarized vertically polarized wave from the transmitter 2 , a transmis 
wave ” which is the third transmission / reception processing , sion - reception switch 3 outputs either the horizontally polar 
and “ the transmission of a vertically polarized wave and the ized wave or the vertically polarized wave to an antenna 4 . 
reception of a horizontally polarized wave ” which is the When receiving either the horizontally polarized wave or 
fourth transmission / reception processing . 45 the vertically polarized wave from the transmission - recep 
FIG . 8 is an explanatory drawing showing an example in tion switch 3 , the antenna 4 emits either the horizontally 

which the length of each of time intervals at which a polarized wave or the vertically polarized wave toward 
polarized wave is transmitted and received by a transmis space . 
sion / reception device 1 is Ts . After emitting either the horizontally polarized wave or 

In the example shown in FIG . 8 , “ transmission of a 50 the vertically polarized wave toward space , the antenna 4 
horizontally polarized wave and reception of a horizontally receives either a horizontally polarized wave or a vertically 
polarized wave ” which is first transmission / reception pro polarized wave which is reflected by raindrops which are an 
cessing is performed at a time of ( 41–3 ) -Ts , " transmission of observation object and then returns thereto . 
a horizontally polarized wave and reception of a vertically In the example shown in FIG . 8 , the antenna receives a 
polarized wave ” which is third transmission / reception pro- 55 horizontally polarized vertically polarized 
cessing is performed at a time of ( 41–2 ) .T . , “ transmission of wave -- a vertically polarized wave -- a horizontally polar 
a vertically polarized wave and reception of a vertically ized wave a horizontally polarized wave- > a vertically 
polarized wave ” which is second transmission / reception polarized wave a vertically polarized wave- > a horizon 
processing is performed at a time of ( 4i - 1 ) .Ts , and “ trans tally polarized wave ? .. ? a horizontally polarized 
mission of a vertically polarized wave and reception of a 60 wave - a vertically polarized wave -- a vertically polarized 
horizontally polarized wave ” which is fourth transmission / wave -- a horizontally polarized wave at reception time 
reception processing is performed at a time of 4i : Ts . intervals of Ts 

In this regard , i = 1 , 2 , 3 , ... , and I. The transmission - reception switch 3 outputs either the 
I denotes the number of sample pairs ( the number of hits horizontally polarized wave or the vertically polarized wave 

in each of the following transmission / reception processing 65 received by the antenna 4 to a receiver 5 . 
elements : the transmission of a horizontally polarized wave The receiver 5 performs processing to receive either the 
and the reception of a horizontally polarized wave , the horizontally polarized wave or the vertically polarized wave 

wave- > a 
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received by the antenna 4 , convert an analog received signal -continued of either the horizontally polarized wave or the vertically ( 34 ) polarized wave into a digital received signal , and output the Vyvín + 2 ) 40r2 digital received signal to a signal processing device 6 . 
A reflected - wave intensity calculator 11 of the signal 5 Vhvín + 3 ) ( 35 ) 

processing device 6 calculates a reflected wave intensity Vnh 
which is the power value of a horizontally polarized wave svd ell + d2bé ent3 ) = Sjule - j ( 2ko + kk + ky ) ' ( n + 3 ) 

40r2 40r2 received through the first transmission / reception processing 
by the transmission / reception device 1 , from the digital 
received signal of the horizontally polarized wave , and also 
calculates a reflected wave intensity Vyh which is the power After calculating the reflected wave intensities Vnn ( n ) , 
value of a vertically polarized wave received through the Vun ( n + 1 ) , VW ( n + 2 ) and Vhy ( n + 3 ) , the reflected - wave 
third transmission / reception processing , from the digital intensity calculator 11 integrates the reflected wave intensi 
received signal of the vertically polarized wave . ties Van ( n ) , Vwn ( n + 1 ) , V ( n + 2 ) and Vhv ( n + 3 ) , thereby 

The reflected - wave intensity calculator further calculates determining a radar reflectivity factor Zuh in the transmission 
a reflected wave intensity Vy which is the power value of a 15 of a horizontally polarized wave and the reception of a 
vertically polarized wave received through the second trans horizontally polarized wave , the radar reflectivity factor 

being the reflected wave intensity after the integration of the mission / reception processing , from the digital received sig reflected wave intensity Vnn ( n ) , a radar reflectivity factor nal of the vertically polarized wave , and also calculates a Zun in the transmission of a horizontally polarized wave and reflected wave intensity Vhy which is the power value of a horizontally polarized wave received through the fourth 20 the reception of a vertically polarized wave , the radar reflectivity factor being the reflected wave intensity after the transmission / reception processing , from the digital received integration of the reflected wave intensity Vyn ( n + 1 ) , a radar 
signal of the horizontally polarized wave . reflectivity factor Zy in the transmission of a vertically 

Hereafter , the processing to calculate the reflected wave polarized wave and the reception of a vertically polarized 
intensities Vnn , Vyh , Vy , and Vhy , which is performed by the wave , the radar reflectivity factor being the reflected wave 
reflected - wave intensity calculator 11 , will be explained intensity after the integration of the reflected wave intensity 
concretely . Vy ( n + 2 ) , and a radar reflectivity factor Zhy in the transmis 

The reflected - wave intensity calculator 11 calculates the sion of a vertically polarized wave and the reception of a 
sum total of the voltages of the backward scattered received horizontally polarized wave , the radar reflectivity factor 
signals which are the digital received signals of horizontally being the reflected wave intensity after the integration of the 
polarized waves received through the first transmission / 30 reflected wave intensity Vny ( n + 3 ) . 
reception processing multiple times , i.e. , the reflected wave The user is enabled to determine the range of this inte 
intensity Vnn ( n ) in the n - th sample , as shown in the follow gration arbitrarily in consideration of the accuracy of the 
ing equation ( 32 ) radar apparatus , etc. For example , it is assumed that the 

integration range is determined by both the length T. of each The reflected - wave intensity calculator 11 also calculates the sum total of the voltages of the backward scattered 35 of the time intervals at which a polarized wave is transmitted and received by the transmission / reception device 1 and a received signals which are the digital received signals of known beam range provided by the transmission / reception vertically polarized waves received through the third trans device 1 ( a range within which the radar is rotated ) . mission / reception processing multiple times , i.e. , the The reflected - wave intensity calculator 11 also calculates 
reflected wave intensity Vvn ( n + 1 ) in the ( n + 1 ) -th sample , as a radar reflectivity factor difference Zdr which is the ratio of shown in the following equation ( 33 ) . the radar reflectivity factor Znn to the radar reflectivity factor The reflected - wave intensity calculator 11 calculates the Zyv , as shown in the above - mentioned equation ( 8 ) . 
sum total of the voltages of the backward scattered received The reflected - wave intensity calculator 11 further outputs 
signals which are the digital received signals of vertically the radar reflectivity factors Znhe Zyhe Zy and Zn to a 
polarized waves received through the second transmission / linear - depolarization ratio calculator 12 , and also displays 
reception processing multiple times , i.e. , the reflected wave the radar reflectivity factors Znn , Zyn , Zy and Zhu , and the intensity Vyv ( n + 2 ) in the ( n + 2 ) -th sample , as shown in the radar reflectivity factor difference Zdr on a display device 7 . following equation ( 34 ) . When receiving the radar reflectivity factors Znn , Zyno Zv 

The reflected - wave intensity calculator 11 further calcu and Zhy from the reflected - wave intensity calculator 11 , the 
lates the sum total of the voltages of the backward scattered linear - depolarization ratio calculator 12 substitutes the radar 
received signals which are the digital received signals of reflectivity factors Znn and Zyn into the following equation 
horizontally polarized waves received through the fourth ( 36 ) , to calculate a linear depolarization ratio LDR vh 
transmission / reception processing multiple times , i.e. , the 
reflected wave intensity Vnu ( n + 3 ) in the ( n + 3 ) -th sample , as 
shown in the following equation ( 35 ) . These reflected wave ( 36 ) 
intensities are calculated for each of divisions ( grid points ) LDRvh [ dB ] = 10logio Zin 
of an azimuthal angle with respect to an observation region , 
and a distance . The linear - depolarization ratio calculator 12 also substi 

tutes the radar reflectivity factors Zvy and Zhy into the 
( 32 ) 60 following equation ( 37 ) , to calculate a linear depolarization 

Vhhin ) 4 r2 

40 

45 

50 

Zun 55 

AG AG 4712 ? Sign , l'e24 , pim ) = Sin l'e - 21ko thyme on ratio LDR hv 
( 33 ) Vyh ( n + 1 ) = 

AG 
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After calculating the linear depolarization ratios LDRyh tically polarized waves are received through the third trans 
and LDR the linear - depolarization ratio calculator 12 mission / reception processing , and vertically polarized 
displays the linear depolarization ratios LDR and LDR waves received through the second transmission / reception 
on the display device 7 . processing 
When the reflected - wave intensity calculator 11 calculates 5 R - hat ( T ) denotes a covariance ( third covariance ) 

the reflected wave intensities Vnn ( n ) , Vvn ( n + 1 ) , Vw ( n + 2 ) between vertically polarized waves at times when the ver 
and Vhv ( n + 3 ) , a velocity calculator 13 calculates the Dop tically polarized waves are received through the second 
pler velocity v - hat of the observation object from the transmission / reception processing , and horizontally polar 

ized waves received through the fourth transmission / recep reflected wave intensities Van ( n ) , Vyh ( n + 1 ) , VW ( n + 2 ) and tion processing . Vhy ( n + 3 ) by using a pulse pair method . Rg - hat ( T ) denotes a covariance ( fourth covariance ) More specifically , the velocity calculator 13 calculates a 
lag R - hat ( T ) of autocorrelation in each of transmission between horizontally polarized waves at times when the 

horizontally polarized waves are received through the fourth polarized waves at the time intervals of T , at which a transmission / reception processing , and horizontally polar polarized wave is repeatedly transmitted by the transmis sion / reception device 1 from the reflected wave intensities 15 ized waves received through the first transmission / reception processing Vin ( n ) , V ( n + 1 ) , V. ( n + 2 ) and Vhy ( n + 3 ) calculated by the As a result , R - hat ( T ) shown in the equation ( 38 ) is reflected - wave intensity calculator 11 , calculates a phase expressed by the following equation ( 43 ) . difference Opp - hat between polarized waves repeatedly 
transmitted by the transmission / reception device 1 from the 
lag R - hat ( T ) , and calculates the Doppler velocity v - hat of ( 43 ) the observation object from the lag R - hat ( Ts ) , the phase Â ( T ) = = [ R. ( Ts ) + ?o ( Ts ) + Âc ( Ts ) + ?d ( Ts ) ] ) Ro ) 7 ) 
difference Opp - hat between polarized waves , and a Nyquist 

When the Doppler velocity v - hat is calculated using the By using the reflected wave intensity Van ( n ) shown in the 
reflected wave intensities calculated by the reflected - wave equation ( 32 ) and the reflected wave intensity Vyh ( n + 1 ) 
intensity calculator 11 , the lag R - hat ( T2 ) is expressed , in the shown in the equation ( 33 ) , Re - hat ( T ) shown in the 
method ( pulse pair method ) of estimating the autocorrelation equation ( 39 ) is expressed by the following equation ( 44 ) . 
in the alternate transmission of polarized waves , by the 
following equation ( 38 ) . 

?a ( Ts ) = ( Vahin ) Vuhi ( 44 ) 

AG ( 38 ) silie - 2.jiko + kikbin ) 40r2 

( Vina4o ) Vvh4i + 1 ) + V vh ( 4i + 1 ) Vyv ( 41 + 2 ) + Vöv ( 41 + 2 ) Vhy ( 4i + 3 ) + sin d'e = 12ko + kp + kuwi ( n + 1 ) 
Vv4i + 3 Vhh ( 4i + 4 ) } E se svil'j ? xexplícken – kv ) PO - 

R - hat ( T ) shown in the equation ( 38 ) can be decomposed 40 ( 2ko + kn + hy ) Tsv ] } 
into four equations , as shown in the following equations ( 39 ) 
to ( 42 ) . More specifically , R - hat ( T ) , R - hat ( T ) , R - hat 
( T ) and Rç - hat ( T. ) , which are components of R - hat ( T. ) R - hat ( T ) shown in the equation ( 44 ) is expressed by the 
shown in the equation ( 38 ) , can be specified . following equation ( 45 ) , by using opp = 2 ( k , -k . ) ro and 

W - 2 ( ko + k ) T , v = -2 ( ko + k ) T v . 

rate Va : 
25 

30 vh ( n + 1 ) ) 

Â ( Ts ) = 
M - 1 1 

AG 
4M 35 

i = 0 40r2 

AG 
40r2 i 

45 

M - 1 ( 39 ) 1 

R ( TQ ) = V ( 45 ) Vua 4i + 1 ) ( 45 ) 
i = 0 Ro ( T . ) = ( 20 g < suisia » : ° xexp { i? op øpp +421 ) 
M - 1 ( 40 ) 1 50 

R ( TQ ) : Vihditt ) Vvulai + 2 ) 
i = 0 

M - 1 1 ( 41 ) 
By using the reflected wave intensity Vw ( n + 1 ) shown in 

the equation ( 33 ) and the reflected wave intensity Vy ( n + 2 ) 
shown in the equation ( 34 ) , R -hat ( T ) shown in the 
equation ( 40 ) is expressed by the following equation ( 46 ) . 

?c ( Ts ) Vwf4i + 2 ) Vhv ( 4 : +3 ) 
i = 0 

55 
M - 1 1 ( 42 ) 

?d ( Ts ) Väv ( 41 + 3 ) Vnh ( 4i + 4 ) 
i = 0 ( 46 ) R ) ( T ) = ( VHÁP + 10V ( +2 ) ) 

AG - 4712 £ Sl'e - ilko + kip + kv vi ( n + 1 ) ndoth stavienots ) 
AG Sihte - 2j?ko tky ) t ( n + 2 ) 40r2 

Rg - hat ( T ) denotes a covariance ( first covariance ) 60 
between horizontally polarized waves at times when the 
horizontally polarized waves are received through the first 
transmission / reception processing , and vertically polarized 
waves received through the third transmission / reception processing 
R , -hat ( T ) denotes a covariance ( second covariance ) 

between vertically polarized waves at times when the ver 

65 
AG 

40r2 ( shi Sika ) 7. j2 x exp { j [ ( kk – kv ) ' 0 – 
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-continued 
( 51 ) 2 ( ko + hy ) Tsv ] } ?d clear AG 

40r2 < suk sbnw = ° xexp { i [ - ørde + va ] 
5 

R , -hat ( T ) shown in the equation ( 46 ) is expressed by the 
following equation ( 47 ) , by using opp = 2 ( kh - k ) r , and 
WF - 2 ( ko + k ) T v . 

FIG . 9 is an explanatory drawing showing a relation 
among the phases of R - hat ( T ) , R - hat ( T ) , R - hat ( T. ) and 
Rchat ( Ts ) , which is seen from the equations ( 45 ) , ( 47 ) , ( 49 ) 
and ( 51 ) . In the example shown in FIG . 9 , for the sake of 

10 simplicity of the drawing , the description of ( T ) is omitted , 
and R , -hat ( Ts ) , R , -hat ( T. ) , Rc - hat ( T. ) and Rchat ( Ts ) are 
expressed as Rchat , R , -hat , R - hat and Rc - hat , respectively . 
As shown in FIG . 9 , the difference in phase between either 

Rq - hat or R -hat and ( Rg - hat ( or Rg - hat ) + Re - hat ( or Rç - hat ) ) 
is opp / 2 , and the difference in phase between either Rc - hat 
or Rg - hat and ( Re - hat ( or Ro - hat ) + RC - hat ( or Rx - hat ) ) is 

( 47 ) Ro ( T ) = ( automat scipsiunul 1 ° x exp { i [ ] o'pp tu øpp + val ) 

15 

Pop / 2 . 
By using the reflected wave intensity Vy ( n + 2 ) shown in 

the equation ( 34 ) and the reflected wave intensity Vhv ( n + 3 ) 
shown in the equation ( 35 ) , R - hat ( T ) shown in the 
equation ( 41 ) is expressed by the following equation ( 48 ) . 

?c ( Ts ) = ( Vin + 2 ) Vhv ( n + 3 ) ) ( 48 ) 

Further , the phase of ( Rq - hat ( or Ri - hat ) + R -hat ( or 
Rchat ) ) is de 
As a result , the phase difference Oop - hat between polar 

20 ized waves repeatedly transmitted by the transmission / re 
ception device 1 is expressed by the argument between 
Rq - hat ( Ts ) and Rc - hat ( T ) , the argument between Rg - hat 
( Ts ) and Rqhat ( Ts ) , the argument between Rg - hat ( Ts ) and 
Rc - hat ( Ts ) , or the argument between R2 - hat ( Ts ) and Rg - hat 

25 ( Ts ) . 
More specifically , the phase difference Pop - hat between 

polarized waves repeatedly transmitted by the transmission / 
reception device 1 is expressed by the following equation 
( 52 ) . 

AG 4792 s , l'e 2 itko tky ) * ( n + 2 ) 

4x42 st , l'e - s ( 2ko + ku + kuuden + 3 ) ? 
30 

le AG 4wr2 E < scisimli xexpl / [ ( k , – kadro - i ( 52 ) 

2 ( ko + kn + ky ) Tsv ] } 
Ppp = arg ( R ( T ) R ( T ) ) = argía ( T ) ( 7 ) 

= arg [ Ro ( T3JR ( T :) ) 
= arg [ R , ( T ) ? ( 7 ) ) 35 

Rc - hat ( Ts ) shown in the equation ( 48 ) is expressed by the 
following equation ( 49 ) , by using Pop = 2 ( k -k ) r , and 
W - 2 ( ko + kn ) T v = -2 ( ko + k ) T v . 

40 

( 49 ) Re ( . ) = ( Wri xexpli [ 3opp + be + 1 | 
45 

By using the reflected wave intensity Vhv ( n + 3 ) shown in 
the equation ( 35 ) and the reflected wave intensity Van ( n ) 
shown in the equation ( 32 ) , Rhat ( T ) shown in the 
equation ( 42 ) is expressed by the following equation ( 50 ) . 

In this embodiment , the example in which the velocity 
calculator 13 calculates , as the phase difference Pop - hat 
between polarized waves repeatedly transmitted by the 
transmission / reception device 1 , the argument between Ra 
hat ( T ) and Rc - hat ( Ts ) the argument between Rg - hat ( T ) 
and R / -hat ( T ) , the argument between Rg - hat ( T ) and 
R -hat ( Ts ) , or the argument between Rg - hat ( T ) and Rg - hat 
( Ts ) is shown . Instead , the velocity calculator can calculate , 
as the phase difference Pop - hat between polarized waves 
repeatedly transmitted by the transmission / reception device 
1 , the average of the argument between Rq - hat ( Ts ) and 
Rc - hat ( Ts ) , the argument between Rg - hat ( Ts ) and Rg - hat 
( Ts ) , the argument between Ry - hat ( T ) and Rc - hat ( Ts ) , and 

50 the argument between Ri - hat ( TG ) and Rx - hat ( Ts ) , as shown 
in the following equation ( 53 ) . 

Odp = ( arg ( R ( T 1 ) ? * ( T ) ) + arg ( R. ( T ) * ( TG ) ) + arg 
( ? ( T ) R * ( Ts ) ) + arg ( Å , ( T ) ? * ( T ) ) ) / 4 ( 53 ) 

After calculating the phase difference Odp - hat between 
polarized waves , the velocity calculator 13 calculates the 
Doppler velocity v - hat of the observation object from Rg - hat 
( Ts ) contained in the lag R - hat ( Ts ) , the phase difference 
Pop - hat between polarized waves , and the Nyquist rate va 
which indicates the range allowing the Doppler velocity 
v - hat to be observed , as shown in the following equation 
( 54 ) . 

?d ( Ts ) = ( Viern + 3 ) Vhh ( n + 4 ) ) ( 50 ) 

AG 
40r2 

i 55 2 sm l'e ilko + ku + k » » ei n + 3 ) smo 
Sin d'e = 26ko thiyudent - 4 ) AG 

40r2 

210 ) E ( SigW1'1 ? xexpt ; lky – kn ) ro - 60 

( 2ko + kn + k , ) Tsv ] } 

( 54 ) D = arg [ explj4a ) ] = arg [ f_expli @ pp ) ] = [ ( [ - Rchat ( T ) shown in the equation ( 50 ) is expressed by the 65 
following equation ( 51 ) , by using opp = 2 ( k , -k . ) r , and 
WF - 2 ( ko + kh ) T , v = -2 ( ko + k , ) T , v . 
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In this embodiment , the equation ( 54 ) is the same as a enabled to arbitrarily set the threshold . Further , the pre 
formula for calculating the Doppler velocity v - hat in a case scribed number of levels are determined arbitrarily from the 
in which either processing to transmit a single polarized capability of the radar apparatus , or the like . 
wave and receive a single polarized wave or processing to A linear - depolarization ratio calculator 15 is implemented 
concurrently transmit polarized waves and concurrently 5 by , for example , a linear - depolarization ratio calculation 
receive polarized waves is performed , and the Nyquist rate circuit 23 and a display processing circuit 25 , and , when the 
Va which indicates the range allowing the Doppler velocity availability determining unit 14 determines that the radar 
v - hat to be observed is recovered to a Nyquist rate which is reflectivity factor is available , calculates a linear depolar 
the same as that in the case in which either processing to ization ratio LDRyh which is the ratio between a reflected 
transmit a single polarized wave and receive a single polar- 10 wave intensity Vnn and a reflected wave intensity Vun which 
ized wave or processing to concurrently transmit polarized are calculated by the reflected - wave intensity calculator 11 , 
waves and concurrently receive polarized waves is per i.e. , the ratio between a radar reflectivity factor Zhn and the 
formed . radar reflectivity factor Zvn , similarly to the case of the 

Therefore , even when the four types of polarized - wave linear - depolarization ratio calculator 12 shown in FIG . 2 . 
transmission / reception processing elements are repeatedly 15 Instead , the linear - depolarization ratio calculator 15 per 
performed , the Doppler velocity v - hat of the observation forms processing to calculate a linear depolarization ratio 
object can be calculated at the Nyquist rate Va which is the LDR hy which is the ratio between a reflected wave intensity 
same as that in the case in which either processing to Vy and a reflected wave intensity Vhy which are calculated 
transmit a single polarized wave and receive a single polar by the reflected - wave intensity calculator 11 , i.e. , the ratio 
ized wave or processing to concurrently transmit polarized 20 between a radar reflectivity factor Zy and the radar reflec 
waves and concurrently receive polarized waves is per tivity factor Zhv . The linear - depolarization ratio calculator 
formed . further performs processing to display the calculated linear 
By substituting Rj - hat ( T2 ) , Rc - hat ( Ts ) or Rchat ( T. ) , depolarization ratio LDR or LDRhy on a display device 7 . 

instead of R - hat ( T. ) , into the equation ( 54 ) , the Doppler On the other hand , when the availability determining unit 
velocity v - hat can be calculated . 25 14 determines that the radar reflectivity factor is not avail 
As can be seen from the above descriptions , Embodiment able , the linear - depolarization ratio calculator 15 performs 

2 is configured to include the linear - depolarization ratio neither the processing to calculate the linear depolarization 
calculator 12 calculates either the linear depolarization ratio ratio LDR un nor the processing to calculate the linear depo 
LDR un which is the ratio between the radar reflectivity factor larization ratio LDR hve 
Znn and the radar reflectivity factor Zyn , or the linear depo- 30 A velocity calculator 16 is implemented by a velocity 
larization ratio LDRhy which is the ratio between the radar calculation circuit 24 and a display processing circuit 25 , 
reflectivity factor Zy and the radar reflectivity factor Zhus and , when the availability determining unit 14 determines 
thereby providing an advantage of being able to calculate the that the radar reflectivity factor is ava ble , performs pro 
linear depolarization ratio LDR or LDR while preventing cessing to calculate the Doppler velocity v - hat of an obser 
the Nyquist rate Va from decreasing , even when the four 35 vation object from the reflected wave intensities Vinh , V , 
types of polarized - wave transmission / reception processing and V. these reflected wave intensities being cal 
elements are repeatedly performed . culated by the reflected - wave intensity calculator 11 , by 

using a pulse pair method , similarly to the case of the 
Embodiment 3 velocity calculator 13 shown in FIG . 2. Instead , the velocity 

40 calculator can calculate the Doppler velocity v - hat of the 
FIG . 10 is a block diagram showing a signal processing observation object from the reflected wave intensities Vh 

device 6 of a dual polarization radar apparatus according to Vyuo Vwn and V hus similarly to the case of the above 
Embodiment 3 of the present invention . In FIG . 10 , because mentioned Embodiment 2. The velocity calculator 16 also 
the same reference numerals as those shown in FIG . 2 performs processing to display the calculated Doppler veloc 
denote the same components or similar components , the 45 ity v - hat on the display device 7 . 
explanations of the components will be omitted hereafter . The velocity calculator 16 further performs processing to , 

FIG . 11 is a hardware block diagram of the signal pro when the availability determining unit 14 determines that the 
cessing device 6 shown in FIG . 10. In FIG . 11 , because the radar reflectivity factor is not available , calculate the Dop 
same reference numerals as those shown in FIG . 3 denote pler velocity v - hat of the observation object from the 
the same components or similar components , the explana- 50 reflected wave intensities Van and Vyv , for example , simi 
tions of the components will be omitted hereafter . larly to the case of the radar apparatus disclosed in Non 
An availability determining unit 14 is implemented by an patent Literature 1 . 

availability determination circuit 26 that includes a semi In the example shown in FIG . 10 , it is assumed that each 
conductor processing circuit equipped with a CPU , a one of the following components : the reflected - wave intensity 
chip microcomputer or the like , and performs processing to , 55 calculator 11 , the availability determining unit 14 , the linear 
when a radar reflectivity factor Zvn ( or a radar reflectivity depolarization ratio calculator 15 and the velocity calculator 
factor Zhv ) calculated by a reflected - wave intensity calcula 16 , which are components of the signal processing device 6 , 
tor 11 is equal to or greater than a preset threshold Th , includes dedicated hardware components . Instead , the signal 
determine that the radar reflectivity factor Zuh ( or the radar processing device 6 can include a computer . 
reflectivity factor Zhv ) is available , whereas , when the radar 60 In the case in which the signal processing device 6 
reflectivity factor Zyn ( or the radar reflectivity factor Zhv ) is includes a computer , a program in which processes per 
less than the threshold Th , determine that the radar reflec formed by the reflected - wave intensity calculator 11 , the 
tivity factor Zyn ( or the radar reflectivity factor Zhv ) is not availability determining unit 14 , the linear - depolarization 
available . ratio calculator 15 and the velocity calculator 16 are 

In this Embodiment 3 , it is assumed that a value which is 65 described can be stored in a memory 31 of the computer 
greater than a predetermined noise level by a prescribed shown in FIG . 4 , and a processor 32 of the computer can be 
number of levels is set as the threshold Th , and the user is made to execute the program stored in the memory 31 . 

VV 

or V hve 

hh , 
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Next , operations will be explained . and Vwn or Vw by using the pulse pair method , the reflected 
Although , in above - mentioned Embodiment 1 , the wave intensities being calculated by the reflected - wave 

example in which the linear - depolarization ratio calculator intensity calculator 11 , and displays the Doppler velocity 
12 always calculates either the linear depolarization ratio V - hat on the display device 7 , similarly to the case of the 
LDR vh which is the ratio between the radar reflectivity factor 5 velocity calculator 13 shown in FIG . 2 . 
Znn and the radar reflectivity factor Zvh , or the linear depo When the availability determining unit 14 determines that 
larization ratio LDR which is the ratio between the radar the radar reflectivity factor is not available , the velocity 
reflectivity factor Zw and the radar reflectivity factor Zhv has calculator 16 calculates the Doppler velocity v - hat of the 
been described , the linear - depolarization ratio calculator can observation object from the reflected wave intensities V , 
calculate neither the linear depolarization ratio LDRyn nor 10 and Vy , which are acquired through the two types of 
the linear depolarization ratio LDR hy with a high degree of polarized - wave transmission / reception processing elements , 
accuracy when cross polarized waves have low electric for example , similarly to the case of the radar apparatus 
power and are unreliable as signals . disclosed in Non - patent Literature 1 , and displays the Dop 

To solve this problem , in this Embodiment 3 , only under pler velocity v - hat on the display device 7 . 
circumstances where the linear depolarization ratio LDRyh 15 As can be seen from the above description , the linear 
and the linear depolarization ratio LDR h can be calculated depolarization ratio calculator 15 according to this Embodi 
with a high degree of accuracy , the linear - depolarization ment 3 is configured so as to , when the availability deter 
ratio calculator calculates the linear depolarization ratio mining unit 14 determines that the radar reflectivity factor is 
LDRyn or LDR hvi available , calculate the linear depolarization ratio LDR or 

Concretely , the signal processing device operates in the 20 LDR hy , there is provided an advantage of being able to 
following way . display only the linear depolarization ratio which is calcu 
When the reflected - wave intensity calculator 11 calculates lated with a high degree of accuracy on the display device 

the radar reflectivity factor Zvh ( or the radar reflectivity 7 . 
factor Zv ) , the availability determining unit 14 compares It is to be understood that a combination of two or more 
the radar reflectivity factor Zvn ( or the radar reflectivity 25 of the above - mentioned embodiments can be freely made , 
factor Zhu ) with the preset threshold Th . various changes can be made in an arbitrary component 
When the radar reflectivity factor Zyn ( or the radar reflec according to any one of the above - mentioned embodiments , 

tivity factor Zhy ) is equal to or greater than the threshold Th , and an arbitrary component according to any one of the 
the availability determining unit 14 determines that the radar above - mentioned embodiments can be omitted within the 
reflectivity factor Zyn ( or the radar reflectivity factor Zh , ) is 30 scope of the invention . 
available because cross polarized waves have high electric 
power and are reliable as signals . INDUSTRIAL APPLICABILITY 

In contrast , when the radar reflectivity factor Zun ( or the 
radar reflectivity factor Zh ) is less than the threshold Th , the The present invention is suitable for a dual polarization 
availability determining unit determines that the radar 35 radar apparatus and a radar signal processing method that 
reflectivity factor Zvn ( or the radar reflectivity factor Zhv ) is need to estimate a Doppler velocity within a wide Nyquist 
not available because cross polarized waves have low elec rate range . 
tric power and are unreliable as signals . 
When the availability determining unit 14 determines that REFERENCE SIGNS LIST 

the radar reflectivity factor is available , the linear - depolar- 40 
ization ratio calculator 15 calculates the linear depolariza 1 : transmission / reception device ; 2 : transmitter ; 3 : trans 
tion ratio LDRyn which is the ratio between the reflected mission - reception switch ; 4 : antenna ; 5 : receiver ; 6 : signal 
wave intensity Vnn and the reflected wave intensity Vyh processing device ; 7 : display device ; 11 : reflected - wave 
which are calculated by the reflected - wave intensity calcu intensity calculator ; 12 , 15 : linear - depolarization ratio cal 
lator 11 , i.e. , the ratio between the radar reflectivity factor 45 culator ; 13 , 16 : velocity calculator ; 14 : availability deter 
Znn and the radar reflectivity factor Zvh , similarly to the case mining unit ; 21 : signal input processing circuit ; 22 : 
of the linear - depolarization ratio calculator 12 shown in FIG . reflected - wave intensity calculation circuit ; 23 : linear - depo 
2. Instead , the linear - depolarization ratio calculator calcu larization ratio calculation circuit ; 24 : velocity calculation 
lates the linear depolarization ratio LDR n which is the ratio circuit ; 25 : display processing circuit ; 26 : determination 
between the reflected wave intensity V and the reflected 50 circuit ; 31 : memory ; and 32 : processor . 
wave intensity Vhy which are calculated by the reflected The invention claimed is : 
wave intensity calculator 11 , i.e. , the ratio between the radar 1. A dual polarization radar apparatus comprising : 
reflectivity factor Zw and the radar reflectivity factor Zhv . a transmission / reception device to repeatedly perform , in 

Further , the linear - depolarization ratio calculator 15 dis turn , first transmission / reception processing to transmit 
plays the calculated linear depolarization ratio LDRvh or 55 a horizontally polarized wave and receive a horizon 

on the display device 7 , similarly to the case of the tally polarized wave , second transmission / reception 
linear - depolarization ratio calculator 12 shown in FIG . 2 . processing to transmit a vertically polarized wave and 
When the availability determining unit 14 determines that receive a vertically polarized wave , and either third 

the radar reflectivity factor is not available , the linear transmission / reception processing to transmit a hori 
depolarization ratio calculator 15 performs neither the pro- 60 zontally polarized wave and receive a vertically polar 
cessing to calculate the linear depolarization ratio LDRyn nor ized wave or fourth transmission / reception processing 
the processing to calculate the linear depolarization ratio to transmit a vertically polarized wave and receive a 
LDR horizontally polarized wave ; 
When the availability determining unit 14 determines that a reflected - wave intensity calculator to calculate a first 

the radar reflectivity factor is available , the velocity calcu- 65 reflected wave intensity which is a power value of a 
lator 16 calculates the Doppler velocity v - hat of the obser horizontally polarized wave received through the first 
vation object from the reflected wave intensities Vin , Vyv transmission / reception processing , calculate a second 
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reflected wave intensity which is a power value of a a velocity calculator to use a pulse pair method to calcu 
vertically polarized wave received through the second late a Doppler velocity of an observation object reflect 
transmission / reception processing , and calculate either ing polarized waves , from the first reflected wave 
a third reflected wave intensity which is a power value intensity , the second reflected wave intensity , the third 
of a vertically polarized wave received through the 5 reflected wave intensity and the fourth reflected wave 
third transmission / reception processing , or a fourth intensity , which are calculated by the reflected - wave 
reflected wave intensity which is a power value of a intensity calculator , 
horizontally polarized wave received through the the velocity calculator calculating a lag of autocorrelation 
fourth transmission / reception processing ; in each of transmission polarized waves at time inter 

vals at which a polarized wave is repeatedly transmitted a linear - depolarization ratio calculator to calculate a linear by the transmission / reception device , from the first depolarization ratio which is either a ratio between the reflected wave intensity , the second reflected wave first reflected wave intensity and the third reflected intensity , the third reflected wave intensity and the wave intensity or a ratio between the second reflected fourth reflected wave intensity , calculating a phase wave intensity and the fourth reflected wave intensity ; difference between polarized waves repeatedly trans and mitted by the transmission / reception device from the a velocity calculator to use a pulse pair method to calcu lag , and calculating the Doppler velocity of the obser late a Doppler velocity of an observation object reflect vation object , from the lag , the phase difference 
ing polarized waves , from the first reflected wave between polarized waves , and a Nyquist rate which 
intensity , the second reflected wave intensity and either 20 indicates a range allowing the Doppler velocity to be 
the third reflected wave intensity or the fourth reflected observed . 
wave intensity , 3. The dual polarization radar apparatus according to 

the velocity calculator calculating a lag of autocorrelation claim 1 , wherein the reflected - wave intensity calculator 
in each of transmission polarized waves at time inter calculates either a radar reflectivity factor in the third 
vals at which a polarized wave is repeatedly transmitted 25 transmission / reception processing from the third reflected 
by the transmission / reception device , from the first wave intensity , or a radar reflectivity factor in the fourth 
reflected wave intensity , the second reflected wave transmission / reception processing from the fourth reflected 
intensity and either the third reflected wave intensity or wave intensity . 
the fourth reflected wave intensity , calculating a phase 4. The dual polarization radar apparatus according to 
difference between polarized waves repeatedly trans- 30 claim 3 , further comprising an availability determining unit 
mitted by the transmission / reception device from the to determine that the radar reflectivity factor is available 
lag , and calculating the Doppler velocity of the obser when the radar reflectivity factor calculated by the reflected 
vation object , from the lag , the phase difference wave intensity calculator is equal or greater than a 
between polarized waves , and a Nyquist rate which threshold , and to determine that the radar reflectivity factor 
indicates a range allowing the Doppler velocity to be 35 is unavailable when the radar reflectivity factor is less than 
observed . the threshold , wherein 

2. A dual polarization radar apparatus comprising : the linear - depolarization ratio calculator performs pro 
a transmission / reception device to repeatedly perform , in cessing to calculate the linear depolarization ratio when 

turn , first transmission / reception processing to transmit the radar reflectivity factor is determined to be avail 
a horizontally polarized wave and receive a horizon- 40 able by the availability determining unit , and does not 
tally polarized wave , third transmission / reception pro perform the processing to calculate the linear depolar 
cessing to transmit a horizontally polarized wave and ization ratio when the radar reflectivity factor is deter 
receive a vertically polarized wave , second transmis mined to be unavailable by the availability determining 
sion / reception processing to transmit a vertically polar unit . 
ized wave and receive a vertically polarized wave , and 45 5. The dual polarization radar apparatus according to 
the fourth transmission / reception processing to trans claim 1 , wherein , from the lag , the velocity calculator 
mit a vertically polarized wave and receive a horizon specifies : 
tally polarized wave ; a first covariance which is a covariance between horizon 

a reflected - wave intensity calculator to calculate a first tally polarized waves at times when the horizontally 
reflected wave intensity which is a power value of a 50 polarized waves are received through the first trans 
horizontally polarized wave received through the first mission / reception processing in the transmission / re 
transmission / reception processing , calculate a second ception device , and vertically polarized waves received 
reflected wave intensity which is a power value of a through the second transmission / reception processing ; 
vertically polarized wave received through the second a second covariance which is a covariance between ver 
transmission / reception processing , calculate a third 55 tically polarized waves at times when the vertically 
reflected wave intensity which is a power value of a polarized waves are received through the second trans 
vertically polarized wave received through the third mission / reception processing , and either vertically 
transmission / reception processing and calculate a polarized waves received through the third transmis 
fourth reflected wave intensity which is a power value sion / reception processing or horizontally polarized 
of a horizontally polarized wave received through the 60 waves received through the fourth transmission / recep 
fourth transmission / reception processing ; tion processing ; and 

a linear - depolarization ratio calculator to calculate a linear a third covariance which is a covariance between either 
depolarization ratio which is either a ratio between the vertically polarized waves at times when the vertically 
first reflected wave intensity and the third reflected polarized waves are received through the third trans 
wave intensity or a ratio between the second reflected 65 mission / reception processing or horizontally polarized 
wave intensity and the fourth reflected wave intensity ; waves at times when the horizontally polarized waves 
and are received through the fourth transmission / reception 
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processing , and horizontally polarized waves received and wherein the velocity calculator calculates , as the 
through the first transmission / reception processing , phase difference between polarized waves repeatedly 

and wherein the velocity calculator calculates , as the transmitted by the transmission / reception device , an 
phase difference between polarized waves repeatedly argument between the first covariance and the third 
transmitted by the transmission / reception device , either 5 covariance , an argument between the first covariance 
two - thirds of an argument between the first covariance and the fourth covariance , an argument between the 
and the second covariance or two - thirds of an argument second covariance and the third covariance , or an 
between the first covariance and the third covariance . argument between the second covariance and the fourth 

6. The dual polarization radar apparatus according to covariance . 
claim 1 , wherein , from the lag , the velocity calculator 10 8. The dual polarization radar apparatus according to 
specifies : claim 2 , wherein , from the lag , the velocity calculator 

a first covariance which is a covariance between horizon specifies : 
tally polarized waves at times when the horizontally a first covariance which is a covariance between horizon 
polarized waves are received through the first trans tally polarized waves at times when the horizontally 
mission / reception processing in the transmission / re- 15 polarized waves are received through the first trans 
ception device , and vertically polarized waves received mission / reception processing , and vertically polarized 
through the second transmission / reception processing ; waves received through the third transmission / recep 

a second covariance which is a covariance between ver tion processing ; 
tically polarized waves at times when the vertically a second covariance which is a covariance between ver 
polarized waves are received through the second trans- 20 tically polarized waves at times when the vertically 
mission / reception processing , and either vertically polarized waves are received through the third trans 
polarized waves received through the third transmis mission / reception processing , and vertically polarized 
sion / reception processing or horizontally polarized waves received through the second transmission / recep 
waves received through the fourth transmission / recep tion processing ; 
tion processing ; and a third covariance which is a covariance between verti 

a third covariance which is a covariance between either cally polarized waves at times when the vertically 
vertically polarized waves at times when the vertically polarized waves are received through the second trans 
polarized waves are received through the third trans mission / reception processing , and horizontally polar 
mission / reception processing or horizontally polarized ized waves received through the fourth transmission / 
waves at times when the horizontally polarized waves 30 reception processing ; and 
are received through the fourth transmission / reception a fourth covariance which is a covariance between hori 
processing , and horizontally polarized waves received zontally polarized waves at times when the horizontally 
through the first transmission / reception processing , polarized waves are received through the fourth trans 

and wherein the velocity calculator calculates , as the mission / reception processing , and horizontally polar 
phase difference between polarized waves repeatedly 35 ized waves received through the first transmission / 
transmitted by the transmission / reception device , an reception processing , 
average of two - thirds of an argument between the first and wherein the velocity calculator calculates , as the 
covariance and the second covariance and two - thirds of phase difference between polarized waves repeatedly 
an argument between the first covariance and the third transmitted by the transmission / reception device , an 
covariance . average of an argument between the first covariance 

7. The dual polarization radar apparatus according to and the third covariance , an argument between the first 
claim 2 , wherein , from the lag , the velocity calculator covariance and the fourth covariance , an argument 
specifies : between the second covariance and the third covari 

a first covariance which is a covariance between horizon ance , and an argument between the second covariance 
tally polarized waves at times when the horizontally 45 and the fourth covariance . 
polarized waves are received through the first trans 9. A radar signal processing method comprising : 
mission / reception processing , and vertically polarized in a transmission / reception device , repeatedly perform 
waves received through the third transmission / recep ing , in turn , first transmission / reception processing to 
tion processing ; transmit a horizontally polarized wave and receive a 

a second covariance which is a covariance between ver- 50 horizontally polarized wave , second transmission / re 
tically polarized waves at times when the vertically ception processing to transmit a vertically polarized 
polarized waves are received through the third trans wave and receive a vertically polarized wave , and 
mission / reception processing , and vertically polarized either third transmission / reception processing to trans 
waves received through the second transmission / recep mit a horizontally polarized wave and receive a verti 
tion processing ; cally polarized wave or fourth transmission / reception 

a third covariance which is a covariance between verti processing to transmit a vertically polarized wave and 
cally polarized waves at times when the vertically receive a horizontally polarized wave ; 
polarized waves are received through the second trans calculating a first reflected wave intensity which is a 
mission / reception processing , and horizontally polar power value of a horizontally polarized wave received 
ized waves received through the fourth transmission / 60 through the first transmission / reception processing ; 
reception processing , and calculating a second reflected wave intensity which is a 

a fourth covariance which is a covariance between hori power value of a vertically polarized wave received 
zontally polarized waves at times when the horizontally through the second transmission / reception processing ; 
polarized waves are received through the fourth trans calculating either a third reflected wave intensity which is 
mission / reception processing , and horizontally polar- 65 a power value of a vertically polarized wave received 
ized waves received through the first transmission / through the third transmission / reception processing , or 
reception processing , a fourth reflected wave intensity which is a power value 
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of a horizontally polarized wave received through the 
fourth transmission / reception processing ; 

calculating a linear depolarization ratio which is either a 
ratio between the first reflected wave intensity and the 
third reflected wave intensity or a ratio between the 5 
second reflected wave intensity and the fourth reflected 
wave intensity ; 

using a pulse pair method to calculate a lag of autocor 
relation in each of transmission polarized waves at time 
intervals at which a polarized wave is repeatedly trans- 10 
mitted by the transmission / reception device , from the 
first reflected wave intensity , the second reflected wave 
intensity and either the third reflected wave intensity or 
the fourth reflected wave intensity ; 

calculating a phase difference between polarized waves 15 
repeatedly transmitted by the transmission / reception 
device from the lag ; 

calculating a Doppler velocity of the observation object , 
from the lag , the phase difference between polarized 
waves , and a Nyquist rate which indicates a range 20 
allowing the Doppler velocity to be observed ; and 

displaying the calculated Doppler velocity to a user on a 
display device . 

10. The radar signal processing method according to 
claim 9 , including displaying the linear depolarization ratio 25 
on the display device . 


